The Cel5 cellulase (formerly known as endoglucanase Z) from Erwinia chrysanthemi is a multidomain enzyme consisting of a catalytic domain, a linker region, and a cellulose binding domain (CBD). A three-dimensional structure of the CBD Cel5 has previously been obtained by nuclear magnetic resonance. In order to define the role of individual residues in cellulose binding, site-directed mutagenesis was performed. The role of three aromatic residues (Trp18, Trp43, and Tyr44) in cellulose binding was demonstrated. The exposed potential hydrogen bond donors, residues Gln22 and Glu27, appeared not to play a role in cellulose binding, whereas residue Asp17 was found to be important for the stability of Cel5. A deletion mutant lacking the residues Asp17 to Pro23 bound only weakly to cellulose. The sequence of CBD Cel5 exhibits homology to a series of five repeating domains of a putative large protein, referred to as Yheb, from Escherichia coli. One of the repeating domains (Yheb1), consisting of 67 amino acids, was cloned from the E. coli chromosome and purified by metal chelating chromatography. While CBD Cel5 bound to both cellulose and chitin, Yheb1 bound well to chitin, but only very poorly to cellulose. The Yheb protein contains a region that exhibits sequence homology with the catalytic domain of a chitinase, which is consistent with the hypothesis that the Yheb protein is a chitinase.
CBD Cel5 mutants in which these amino acids were independently replaced by a functionally neutral alanine residue.
Additionally, we investigated the structural role of residues present in the turn of the boot-shaped model (cisPro11, Trp13). Also, the less-ordered loop region was investigated (Gln22Ala, Cel5⌬Asp17-Pro23).
The region covering residues 29 to 61 corresponds to the ␤-sheet core of CBD Cel5 and exhibits homology with sequences Yheb1 to -5 of an Escherichia coli hypothetical protein (8) . Yheb1 to -5 are repeating domains of a 94-kDa protein in the Bfr-TufA intergenic region (1) . In this paper, we describe the cellulose-and chitin-binding properties of the E. coli Yheb1 protein.
MATERIALS AND METHODS

Media.
The media used were Luria-Bertani (LB) and M9CAS (7) . A cellulase phenotype was tested by using minimal medium plates supplemented with 0.2% glycerol, 0.2 g of yeast extract per liter, and 10 g of carboxymethyl cellulose per liter.
Strains. The following E. coli strains were used in this study: (i) DH5␣: FЈ endA1 hsdR17 (r K Ϫ m K ϩ ) supE44 thi-1 recA1 gyrA (NaI r ) relA1 ⌬(lacIZYA-argF) U169 deoR [80 dlac ⌬(lacZ) M15]; (ii) BL21(DE3): F Ϫ ompT hsdS B (r B Ϫ m B Ϫ ) gal dcm, DE3 (a prophage carrying the T7 RNA polymerase gene); and (iii) AD494(DE3) (Novagen): ⌬ara-leu7697 ⌬lacX74 ⌬phoAPvuII phoR ⌬malF3 FЈ [lac ϩ (lacI q ) pro] trxB::kan, DE3. Plasmids. Plasmid pSZ is a pBluescript SKϪ plasmid (Stratagene) carrying the E. chrysanthemi cel5 gene on a SalI-EcoRI restriction fragment. CBD Cel5 was subcloned into plasmid pET22b(ϩ) to construct pECZ. pET22b(ϩ) (Novagen) has a T7 promoter, a C-terminal tag of six histidine residues, and a pelB leader sequence designed for the export of target proteins into the periplasm. The Yheb1 cognate DNA fragment was cloned into pET22b(ϩ) to construct pECYB1. pCPP2006 is a plasmid carrying the E. chrysanthemi out genes that enables E. coli strains to secrete Cel5 into the surrounding medium (15) .
Genetic techniques and DNA manipulations. Plasmid DNA preparation and bacterial transformation were performed by routine procedures (9, 32) . Sitedirected mutagenesis of plasmid pSZ to generate point mutations in cel5 was performed by the method of Kunkel et al. (21) , as presented in the Boehringer kit. Alternatively, a recombinant PCR method (2) was used. The double mutant (W43AY44A) was produced by PCR amplification of the entire pSZ plasmid by mutagenic primers (mutated residues in boldface) divergently orientated but overlapping (underlined) at their 5Ј ends (mutagenic oligonucleotide, 5Ј-TCgC TgCCCggAACggATgCggTggCCgCgTTTgCggTATACAggTTg-3Ј; anchor oli-gonucleotide, 5Ј-gCATCCgTTCCgggCAgCgATTCCTCCTggACgCAggTTg-3Ј). The triple mutant was then produced by a second recombinant PCR mutagenesis with the double mutant as a template (mutagenic oligonucleotide, 5Ј-gTTATgA gTAggCTgCCCgCCCgCggCgTCTTTgCTAACCCAgTTg-3Ј; anchor oligonucleotide, 5Ј-gCgggCAgCCTACTCATAACgAAgCAggCCAATCgATCg-3Ј). PCR was performed with Expand High Fidelity DNA polymerase (Boehringer Mannheim) in the presence of 5% dimethyl sulfoxide. Treatment with DpnI destroyed the parental Dam-methylated DNA, whereas the PCR-synthesized molecules remained intact. The resulting linear DNA molecules were transformed into E. coli DH5␣ (a recA strain).
The internal deletion of residues Asp17 to Pro23 was performed with two separate PCRs to amplify the DNA at each side of the required deletion. The oligonucleotide primers were designed to produce two fragments in which the residues D17 to P23 were substituted for a leucine residue and a HindIII site was introduced. The following oligonucleotide primers were used: Del1, 5Ј-CgAAT TgggTACCgggCCCCCCCTC-3Ј; Del2, 5Ј-AgTAAgCTTgCTAACCCAgTTgggg TAAAC-3Ј; Del5, 5Ј-ggTTAgCAAgCTTACTCATAACgAAgCAggCCA-3Ј; and NOBA, 5Ј-gAACTAgTggCTCCCCCgggg-3Ј. After PCR, the HindIII-digested fragments were ligated and cloned into the pBluescript SKϪ vector.
The Yheb1 cognate DNA fragment was isolated from the E. coli chromosome and cloned into pET22b(ϩ) to construct pECYB1. The oligonucleotide primers were designed to delete the pelB leader sequence and contained NdeI and XhoI restriction sites, respectively: NDEYB1, 5Ј-gATggCATATgATggAAgCATggA ATAAC-3Ј; and XYHEB1, 5Ј-ggATTCTCgAgTTCgCAggAAAgTgTATT-3Ј. pECYB1 was transformed into E. coli AD494 competent cells, which are thioredoxin reductase mutants that enable disulfide bond formation in the cytoplasm.
The presence of the desired mutation and the absence of any secondary mutations were verified by sequencing.
Purification of CBD Cel5(His)6 and Yheb1 (His)6 . To express the wild-type CBDCel5 under a T7 promoter, E. coli BL21(DE3) cells carrying pECZ were grown at 37°C in 2 liters of M9CAS medium with 100 g of ampicillin per ml. The expression of CBD Cel5(His)6 was induced by the addition of 0.5 mM isopropyl-␤-D-thiogalactopyranoside (IPTG) at mid-log phase. After 4 h of incubation, cells were harvested and the culture supernatant was filtered before being loaded onto a metal chelating column. E. coli AD494 cells transformed with pECYB1 were grown at 37°C in 2 liters of M9CAS medium and induced with IPTG, as described above. The cells were disrupted by three passages through a French pressure cell at 5,000 lb/in 2 . Cell debris was pelleted by centrifugation, and the resulting supernatant was loaded onto a metal chelating column.
Chromatography was performed with a HiTrap metal chelating column (Pharmacia) charged with Ni 2ϩ . The bound protein was eluted with a pH step gradient from pH 7.2 to 4. Fractions, typically 1 ml, were collected and assayed for CBD Cel5(His) 6 or Yheb1 (His)6 by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by Western blotting. Peak fractions were desalted and concentrated by using an Ultrafree-15 centrifugal filter unit with a 5,000-NMWL (molecular weight of 5,000 cutoff) polysulfone membrane (Millipore).
Periplasmic preparations. Strains were grown in LB or M9CAS medium at 37°C (with IPTG induction when appropriate) up to an optical density at 600 nm of 2. After centrifugation, the cell pellet was suspended in a solution containing 20 mM Tris-HCl (pH 8), 20% sucrose, 1 mM EDTA, 1 mg of lysozyme per ml, 1 mM phenylmethylsulfonyl fluoride, and 0.02 mg of DNase I per ml (50 U). Osmotic shock was performed by freezing the cell suspensions at Ϫ20°C followed by incubation at 37°C for 15 min. After centrifugation, the supernatant corresponded to the periplasmic preparation.
Enzyme activity and protein assays. Assays were performed in HEPES buffer (100 mM [pH 7.4]) with p-nitrophenyl ␤-D-cellobioside at a final concentration of 20 mM (3). The assays were performed in 96-well enzyme-linked immunosorbent assay plates incubated at 37°C with agitation (160 rpm) over a course of 40 h. Release of p-nitrophenol was monitored in a Titertek Multiskan apparatus with a 405-nm filter. A molar extinction coefficient of 16,000 was determined for p-nitrophenol at 405 nm. Enzyme activity was expressed as mol of pNP liberated per h. Protein assays were performed by the method of Bradford (6) .
Binding tests. Avicel PH-101 and chitin (purified from crab shells) were obtained from Fluka and Sigma, respectively. Bacterial crystalline cellulose (BC) from Nata de coco is a food-grade commercial cellulose (Fujicco Co., Kobe, Japan). The cubes of cellulose were extensively washed and then homogenized in a Waring blender to form a uniform suspension of cellulose (5) . Samples (200 l, typically 0 to 50 g of protein) were mixed with BC, Avicel, and chitin at final concentrations of 1, 15, and 10 mg/ml, respectively. Assay tubes were mixed by slow vertical rotation at 4°C for 2 h. The cellulose was pelleted by centrifugation, and the resulting supernatant represented the unbound Cel5. The pellet was washed with 400 l of 20 mM Tris-HCl (pH 7.5), followed by 400 l of 20 mM Tris-HCl (pH 7.5)-0.5 M NaCl. The washed pellet was resuspended in 40 l of loading buffer, heated to 95°C for 15 min, and then subjected to SDS-PAGE and Western blotting. It is noteworthy that the unbound fractions (volume, 400 l) were 10 times less concentrated than the bound fractions (40 l).
SDS-PAGE. SDS-PAGE with homogeneous 12.5% or 20% polyacrylamide gels was carried out by using a Pharmacia Phast system. Low-molecular-weight (6,500 to 45,000) color markers were from Sigma.
Western blotting. Proteins were Western blotted onto a Hybond nitrocellulose membrane (Amersham). The membrane was incubated with antibodies raised against Cel5 and then with goat anti-rabbit immunoglobulin G (IgG) conjugated to alkaline phosphatase. For His-tagged proteins, the primary antibody was anti-His (Invitrogen), and the secondary antibody was goat anti-mouse IgG. Alkaline phosphatase activity was detected by adding 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium.
RESULTS
Stability of Cel5 mutants.
Ten point mutants were constructed in which the wild-type residue was substituted for by an alanine residue. The mutations obtained in cel5 in the pSZ vector were Pro11Ala, Trp13Ala, Asp17Ala, Trp18Ala, Gln22Ala, Glu27Ala, Trp43Ala, Tyr44Ala, Trp43AlaTyr44Ala, and Trp18AlaTrp43AlaTyr44Ala (Fig. 1a) . Also, a mutant referred to as Cel5⌬Asp17-Pro23 was constructed in which the region encompassing residues Asp17 to Pro23 was deleted (Fig. 1b) .
The effect of point mutations on the stability of the protein was observed by Western blot analysis of overnight cultures (data not shown). The mutations cis-Pro11Ala and Trp13Ala were both destabilizing. The stability of the point mutants Trp18Ala, Gln22Ala, Glu27Ala, Trp43Ala, and Tyr44Ala was not significantly affected. In contrast, substitution of Asp17 by alanine significantly affected the stability. Also, the mutant Cel5⌬Asp17-Pro23 was less stable than the wild-type Cel5 structure.
BC binding isotherms of Cel5 mutants. The binding affinities of the various mutant forms of CBD Cel5 were investigated with mutations in the complete Cel5 (i.e., in the presence of the catalytic domain and linker region). An advantage of this approach was that high levels of purity were not necessary, because the binding affinity could be quantified by measuring the catalytic activity with p-nitrophenyl ␤-D-cellobioside as the substrate. Routinely, the mutants produced in the E. coli periplasm were used for the binding tests. Alternatively, culture supernatants of E. coli cells containing the pCPP2006 plasmid, which carries the E. chrysanthemi out genes necessary for secretion from the cell, were used as the starting material.
Two different cellulose substrates were used for the binding tests. Avicel has approximately 50 to 60% crystallinity, whereas BC is a highly crystalline (approximately 70%) form of cellulose I. The advantage of using BC is that it is more homogeneous than Avicel and has a higher surface/volume ratio. These are not substrates for Cel5 hydrolyzing activity, and so there would have been no hydrolysis during the binding test assays (29) .
The cellulose binding affinities of wild-type and mutant forms of Cel5 were analyzed by binding-isotherm measurements. Since the exact number of possible binding sites was unknown, the saturation curves were compared semiquantitatively, and no apparent affinity constants were calculated. The free Cel5 was measured directly (by pNPCase assay), and the bound Cel5 was calculated by subtracting the free Cel5 from the total Cel5 activity in the sample used for the binding test. Values representing the amount of unbound activity were reproducible to about 5 to 10% for duplicate experiments. The binding tests were performed for 2 h at 4°C.
The BC binding isotherms of wild-type Cel5, Trp18Ala, Gln22Ala, Glu27Ala, Trp43Ala, and Tyr44Ala were determined (Fig. 2a) . The single mutations Gln22Ala and Glu27Ala had no significant effect on the binding affinity. The binding affinity of the mutant Asp17Ala could not be determined, because the mutation affected the stability, and only low levels of activity could be detected. On substitution for the respective aromatic residues (Trp18, Trp43, and Tyr44) with an alanine residue, the binding was significantly affected in each case. From the results of the effect of the single mutations, three aromatic residues appeared to be responsible for the binding affinity of the CBD Cel5 . Binding isotherms were determined for the double mutant Trp43AlaTyr44Ala and the triple mutant Trp18AlaTrp43AlaTyr44Ala (Fig. 2b) . Binding levels of the triple mutant were particularly low and could simply represent the level of nonspecific binding. The binding data were supported by Western blot analysis, which was used to confirm that Cel5 had not undergone proteolysis to separate the two domains for any of the mutants.
Cellulose and chitin binding of wild-type Cel5 and Cel5⌬Asp17-Pro23. The residue Asp17, which seemed to play an important role in the structure of Cel5, is found in the less-ordered loop region of the protein. Furthermore, on alignment of the sequence of CBD Cel5 with various chitin-binding domains, the sequence corresponding to the loop region of CBD Cel5 was absent in the chitin-binding domains (8) . To investigate the contribution of this region to the overall function of CBD Cel5 , a cel5 mutation was constructed such that the encoded product lacked residues Asp17 to Pro23 of the CBD domain. The binding isotherms for wild-type Cel5 and Cel5⌬Asp17-Pro23 were determined by using 1 mg of BC per ml as a substrate (Fig. 2c) . The binding affinity of Cel5⌬Asp17-Pro23 to BC was significantly lower than that with wild-type Cel5. Additionally, the binding of wild-type Cel5 and Cel5⌬Asp17-Pro23 to BC and chitin was investigated by using Western blot analyses (Fig. 3) . The weaker binding affinity to BC of the deletion mutant Cel5⌬Asp17-Pro23 compared to that of the wild-type Cel5 was confirmed. Furthermore, the mutant Cel5⌬Asp17-Pro23 bound only poorly to chitin, the majority being detected in the unbound fraction (lane 5).
Purification of wild-type CBD Cel5(His)6 and Yheb1 (His)6 . An unexpected relatedness was observed previously between CB-D Cel5 and a series of repeating domains in a hypothetical E. coli Yheb protein (8) . Therefore, we decided to carry out a functional comparison of CBD Cel5 and one of the Yheb domains, Yheb1. The pECZ construct allowed for the production of processed and disulfide-bonded CBD Cel5(His)6 in the periplasm of E. coli recombinant cells. When the cells were grown in M9CAS medium, a significant proportion of the CBD Cel5 was found in the culture supernatant, which was used for the purification. Typical yields were 0.5 to 1 mg of pure CBD Cel5(His)6 per liter of culture. The one-dimensional NMR spectrum of CBD Cel5(His)6 was compared to that of CBD Cel5 , as prepared by the method of Brun et al. (7), and it was observed that the His tag had not affected the structure (data not shown).
The Yheb1 cognate DNA fragment was cloned from the E. coli chromosome, and the 67-amino-acid protein was purified. Yheb1 (His)6 was produced in the cytoplasm of E. coli AD494 cells, and the cell extracts were used to purify the protein. Typical yields were 1 to 2 mg of pure Yheb1 (His)6 per liter of culture.
Binding tests of pure CBD Cel5(His)6 and pure Yheb1 (His)6 . BC and chitin binding isotherms of pure CBD Cel5(His)6 were determined (Fig. 2d) . A saturating level of CBD Cel5(His)6 on cellulose was not quite achieved, but the isotherm seems to plateau at a value in excess of 25 mol/g of cellulose. Approximately, 10 times more CBD Cel5 is bound by BC than by the same quantity of chitin.
Western blots were used to analyze BC (1 mg/ml), Avicel (15 mg/ml), and chitin (10 mg/ml) binding of pure CBD Cel5(His) 6 and Yheb1 (His)6 (Fig. 3) . Under the experimental conditions stated, the pure CBD Cel5(His)6 bound well to BC, chitin, and Avicel, and no unbound CBD Cel5(His)6 was detected (lane 2). Pure Yheb1 (His)6 bound with high affinity to chitin (lane 6). On comparing the Western blots, binding of Yheb1 (His)6 to Avicel resulted in approximately equal portions of bound (lane 6) and unbound (lane 5) protein, but the binding to BC was poor, with the majority of Yheb1 (His)6 detected in the unbound fraction (lane 5).
Experiments with CBD Cel5 , which did not contain a His tag, revealed that the His tag did not affect the binding affinity of CBD Cel5 (data not shown).
DISCUSSION
In this work, we studied the CBD of the Cel5 cellulase from E. chrysanthemi. Isolated CBD Cel5 appears to be functionally and structurally analogous to CBD Cel5 in the full-length Cel5. The one-dimensional NMR spectra of Cel5, CBD Cel5 , and CBD Cel5(His)6 indicated that the tryptophan side chains are in similar environments, suggesting that the same folding pattern occurs (7) . Therefore, we decided to investigate the role of individual amino acids in the CBD Cel5 in the presence of the catalytic and linker region, which is the natural form of the enzyme.
There are essentially three effects that could contribute to the binding of a CBD to the cellulose surface. One possibility is that aromatic residues in the CBD interact with the pyranosyl rings of one of the cellulose chains. The interaction between   FIG. 3 . The upper blots show the binding of wild-type Cel5 and Cel5⌬Asp17-Pro23 to BC (1 mg/ml) and chitin (10 mg/ml). The lower blots show the binding of CBD Cel5(His) 6 and Yheb (His)6 to BC (1 mg/ml), Avicel (15 mg/ml), and chitin (10 mg/ml). Binding at 4°C for 2 h was analyzed on gels and by immunoblotting as described in Materials and Methods. Lanes: 1 and 4, starting sample; 2 and 5, unbound; 3 and 6, bound.
sugar and aromatic moieties is common in carbohydrate binding proteins (34) . A second possible interaction is the hydrogen bonding of polar surface atoms on the CBD. The polar residues may play a role in either stabilizing other cellulose-binding residues by hydrogen bonding or by hydrogen bonding directly with cellulose. For example, Asn and Gln residues on the flat face of fungal CBDs are highly conserved, and these residues participate in hydrogen-bonding interactions with cellulose (17, 25) . A third possibility is that hydrophobic effects could contribute to the binding. It has been shown that the binding of T. reesei CBD CBH1 to cellulose was significantly affected by high ionic strength (30) , which suggested that the interaction with cellulose included a hydrophobic effect.
The NMR structure of CBD Cel5 led us to predict five amino acids (Asp17, Trp18, Glu27, Trp43, and Tyr44) that potentially interact with the glucose chain of cellulose and contribute directly to the binding (Fig. 1a) . Here we have demonstrated the contribution of the three aromatic residues (Trp18, Trp43, and Tyr44) to binding affinity. The mutant proteins exhibited much lower affinity for BC than the wild-type Cel5. The very low binding affinity observed with the triple mutant could simply reflect nonspecific binding. All three surface tryptophans of the CBD from Pseudomonas fluorescens subsp. cellulosa xylanase A were found to play a role in binding both soluble and insoluble ligands (27) . Furthermore, all of the CBDs of which the three-dimensional structures have been solved and that bind crystalline cellulose have been found to exhibit a planar surface comprising three aromatic residues (8, 22, 24, 25, 32, 38) .
Two residues on the flat face of Cel5 (Asp17 and Glu27) were predicted to have a possible role in hydrogen bonding interactions. The mutation Glu27Ala did not affect the binding affinity, despite being in a position in which there is the possibility of hydrogen bonding either directly with cellulose or with residue Tyr44 (Fig. 1a) . The role of Asp17 in cellulose binding could not be evaluated, since the mutation affected the stability of Cel5.
The residues cis-Pro11 and Trp13 were both predicted to be important for the stability of CBD Cel5 , due to their position in the hydrophobic core of the structure (Fig. 1a) , and this was found to be true. Pro11 is the only Pro residue of CBD Cel5 that exhibits a cis conformation and thus would be expected to have an important biological function.
The CBD Cel5 structure is essentially a triple antiparallel ␤-sheet perpendicular to a summital loop, which is one of the most disordered parts of the CBD Cel5 structure (8) . A type I turn has been defined between Trp18 and Gly21, and deletion of this region would be expected to affect the structure (Fig.  1b) . The deletion of residues Asp17 to Pro23 resulted in a lower binding affinity for BC, compared to that of wild-type Cel5. In addition to Trp18, there are two other potential binding residues in this loop region (Asp17 and Gln22). Asp17 was found to have a structural role (see above), while the mutation Gln22Ala produced no effect on binding affinity. This is consistent with the NMR model, since Gln22 is not directly on the cellulose-binding surface (Fig. 1a) . Therefore, the reduction in binding affinity of Cel5⌬Asp17-Pro23 can be attributed to the loss of one of the three tryptophan residues (Trp18), which plays an important role in cellulose binding.
The structural information about CBD Cel5 coupled with sequence alignments has shown that CBD Cel5 exhibits sequence similarity to the E. coli Yheb1 to -5 sequences and to modules thought to be chitin-binding domains (8) (19) . We purified the 67-amino-acid Yheb1 protein. Under the assay conditions used, Yheb1 bound to chitin, but bound only poorly to Avicel and BC. Therefore, it is likely that the E. coli Yheb protein is a multidomain chitinase consisting of a family 18 catalytic domain, a linker region, and a series of five chitin-binding domains. Yheb1 to -5 are probably all chitin-binding domains, since the chitin binding of Yheb1 has been demonstrated and there is very high identity (ϳ60%) with the other Yheb repeats. The presence of more than one CBD in a cellulase has been reported for endoglucanase C from Cellulomonas fimi (10) and the cellulase B from Cellvibrio mixtus (11) . Also, it has been reported that two CBDs, contained within a single polypeptide, can interact synergistically (23) . It is noteworthy that multidomain chitinases often have, in addition to catalytic domains and chitinbinding domains, other reiterated domains. Fibronectin type III-like domains and cadherin-like domains have been found in several chitinases (4, 12, 26, 36, 37) .
Here we report that the family V CBD Cel5 binds chitin. Chitin and cellulose have similar structures, and the finding that the CBD Cel5 can bind to chitin demonstrates that the N-acetyl substitutions on the glucose residues of chitin do not block the interaction with the CBD Cel5 . There have been previous reports of CBDs that bind to chitin. The family III CBD CbpA from Clostridium cellulovorans has a high affinity for chitin (14) , as has the family II CBD Cex of an endoglucanase from C. fimi (28) . Also, the chitin-binding domain from a Clostridium paraputrificum chitinase has been shown to bind to cellulose (26) . The fact that chitin binding has been demonstrated with CBDs from different families suggests that the mechanisms of binding may be common for chitin-binding domains and CBDs and that they may have the same evolutionary origin. A striking feature of the alignment of CBD Cel5 with the E. coli Yheb1 to -5 sequences and several other chitinbinding domains (8) was that the loop of residues Asp17 to Pro23 was only present in CBD Cel5 . Yheb1, which binds only poorly to BC, binds chitin at approximately the same efficiency as CBD Cel5 . Thus, a simple hypothesis was that the Asp17-Pro23 loop was necessary for cellulose binding but not chitin binding. However, the mutant Cel5⌬D17-P23 was affected in both cellulose and chitin binding affinity, compared to the wild-type CBD Cel5 . This illustrates that the situation is not as simple as had been predicted, and it seems likely that the loop region participates in both cellulose and chitin binding via the residue Trp18.
